ABSTRACT. Objective. To determine whether the change from an all oral poliovirus vaccine (OPV) schedule to an inactivated poliovirus vaccine (IPV)-containing schedule has adversely affected the immunization status of young children in the United States.
controlling for the confounding variables and the effect of clustering within practices, children in the IPV group were as likely as were OPV recipients to be fully immunized at 8 months of age (OR: 1.04; 95% CI: 0.88,1.23). At 12 months of age, the OR for IPV as a predictor of being fully immunized was 1.08 (95% CI: 0.90,1.30). When compared with OPV recipients, adjusted ORs for children in the undetermined poliovirus vaccine type group being fully immunized at 8 and 12 months of age were 0.84 (95% CI: 0.68,1.04) and 0.84 (95% CI: 0.67,1.07), respectively.
Conclusions. The results of this national study indicate that the implementation of an IPV-containing poliovirus vaccine schedule has not had an adverse effect on the immunization status of young children who were vaccinated in the offices of practicing pediatricians. Pediatrics 2001;107 (6) . URL: http://www.pediatrics.org/ cgi/content/full/107/6/e90; immunizations, children, poliovirus vaccine.
ABBREVIATIONS. IPV, inactivated poliovirus vaccine; OPV, oral poliovirus vaccine; VAPP, vaccine-associated paralytic polio; AAP, American Academy of Pediatrics; HMO, health maintenance organization; PROS, Pediatric Research in Office Settings; NMA, National Medical Association; VAR, Vaccine Administration Record; GEE, generalized estimating equation; OR, odds ratio; CI, confidence interval; ICC, intraclass correlation coefficient.
T he eradication of poliomyelitis in the United
States is one of the most gratifying public health achievements of the final half of the 20th century. The last reported indigenous cases of poliomyelitis caused by wild virus in the United States occurred in 1979 1 ; no indigenous cases have been reported in the Western Hemisphere since 1991. 2 This remarkable decline in the incidence of poliomyelitis is directly attributable to the introduction of inactivated poliovirus vaccine (IPV) in 1955 and oral poliovirus vaccine (OPV) in 1963. 3 Although OPV has been very effective in eliminating wild virus infection, ϳ8 to 9 cases per year of vaccine-associated paralytic polio (VAPP) were reported annually between 1980 and 1994. 4, 5 Thus, in 1997 the Advisory Committee on Immunization Practices and the American Academy of Pediatrics (AAP) recommended that poliovirus vaccine in the United States be delivered via a sequential IPV/OPV schedule, a change from the all-OPV schedule previously endorsed. 3, 6 It was estimated that this change would decrease the number of cases of VAPP by 50% or more. 3 When the sequential schedule was recommended, an additional change to an all-IPV schedule was contemplated for initiation once efforts to globally eradicate poliovirus progressed.
Although many experts endorsed this change in the polio immunization policy, 7 the recommendation proved to be controversial. One major objection was that the additional injections required with the IPV/ OPV sequential schedule might have a negative impact on compliance. 8, 9 Of special concern were populations that have been difficult to vaccinate, such as poor and minority children.
To assess the impact of the change to the IPV/OPV sequential schedule, we conducted a nationwide study in practice settings to compare the immunization status of infants receiving poliovirus vaccine via an all-OPV schedule with that of infants begun on IPV. Although 2 published studies have so far found no evidence of a negative impact of an IPV/OPV sequential schedule, these studies were conducted regionally in specialized settings (a closed panel health maintenance organization [HMO] and public health clinics). 10, 11 Because the majority of children in the United States receive their vaccines from office-based practitioners, 12, 13 the inclusion of infants immunized in this setting is fundamental to assessing the impact of this major change in immunization policy. Before beginning the study, we postulated that the immunization status of children receiving IPV would be at least equivalent to that of children vaccinated with OPV. This was the main study hypothesis on which sample size calculations were based.
METHODS
The study was conducted by the Pediatric Research in Office Settings (PROS) network of the AAP and the Pediatric Section of the National Medical Association (NMA). PROS is a national practice-based research network; 1465 practitioners in 491 practices from 48 states, Quebec and Puerto Rico are members. Membership in the NMA is primarily comprised of black physicians; NMA pediatricians have traditionally provided health care to a high proportion of underserved children. From both organizations, only practitioners providing primary care, including immunizations, to a defined population of patients were recruited for the study.
Participation in the project by practicing pediatricians was entirely voluntary. However, practitioners caring for a high proportion of minority children were specifically recruited for the study. In addition, an effort was made to include a sample of pediatricians who reflected current practice patterns with respect to poliovirus vaccines. To achieve this, in the fall of 1997 PROS practitioners and NMA pediatricians were surveyed regarding their current practices regarding use of IPV and/or OPV in their offices. A total of 1330 surveys were completed. Among respondents, 32% reported using an all-OPV schedule in late 1997, 5% followed an all-IPV schedule, 57% the IPV/OPV sequential schedule, and 6% had other poliovirus vaccine policies. These data were used during recruitment for the study in an attempt to assemble a group of participating practitioners with a similar distribution of IPV and OPV usage.
Ultimately, 177 practitioners from 42 states contributed immunization data for the study. Of these, 161 (92.5%) had previously completed the survey on poliovirus vaccine usage; 26% responded that they were using an all-OPV schedule, 2% an all-IPV schedule, 63% the IPV/OPV sequential schedule, and 9% used another schedule, such as offering both IPV and OPV and letting parents chose the form of vaccine for their children. Only 1 practitioner per primary care office collected immunization data.
The main outcome measure of the study was immunization data collected on children 8 to 35 months old seen consecutively, for any reason, by 1 of the participating practitioners. At the time of an office visit, the project was explained to parents of eligible children. If a parent consented to participation, he/she completed a parental study form that included information on the study child's date of birth, race/ethnicity of the child, maternal education level, and method of payment for immunizations for the patient. Study forms were available in English and Spanish. Only 1 child from a family was enrolled in the study; if Ͼ1 age-eligible patient was being seen simultaneously for an office visit, the youngest child was selected for participation.
Each participating practitioner was asked to enroll up to 120 children in the study. During the data collection period in each office, a log was kept of all visits by age-eligible children to the practitioner. There were 14 522 office visits by age-eligible children; 168 of these patients were subsequently determined to be ineligible for the study (eg, younger sibling had been enrolled, parents did not speak English or Spanish). A total of 306 parents declined participation in the project, and parents of 339 potentially eligible children were inadvertently not approached for enrollment. Thus, 13 709 children (95.5% of those eligible) were enrolled in the study.
After the office visit, the medical record of each study child was reviewed; the practice Vaccine Administration Record (VAR), VARs from other practices, and newborn nursery records (for hepatitis B vaccine) were photocopied. This information was sent to the research staff and an immunization history for each child constructed.
Before beginning the study, we conducted an assessment on the completeness of data in the VAR. The office medical records of 8 to 10 children, 8 to 35 months of age, seen consecutively in 31 PROS/NMA practices were reviewed. Data on 283 children were analyzed. For 237 patients (83.7%), all available immunization information was recorded in the office VAR. For the remaining 46 children, 70% of all supplemental immunization data were recorded in either VARs supplied by other providers or the newborn nursery record. The immunization rate of these 283 patients at 8 months old was estimated at 79.9% based on all data in the office medical record versus 77.0% when only information from the office VAR, other VARs, and the nursery record were included.
The primary outcome of the study was immunization status of infants at 8 months of age. Children were considered to be fully immunized if they had received 3 diphtheria-tetanus-pertussis/ diphtheria-tetanus-acellular pertussis/diphtheria-tetanus, 2 IPV/ OPV, 2 Haemophilus influenzae type b, and 2 hepatitis B vaccines before the time they were 8 months of age. Secondary outcomes included immunization status at 12 months old. Patients were considered fully immunized at 12 months of age if they had received 3 diphtheria-tetanus-pertussis/diphtheria-tetanus-acellular pertussis/diphtheria-tetanus, 2 IPV/OPV, 2 H influenzae type b, and 2 hepatitis B vaccines before their first birthday. This outcome was only determined on patients who were at least 12 months of age at the time that immunization data from their medical records were abstracted. In addition to these outcomes, the timeliness of receipt of the initial 2 poliovirus immunizations was assessed. Study children were defined as receiving their first poliovirus vaccine late if they were Ͼ90 days of age when receiving their first poliovirus immunization, and very late if they were Ͼ120 days old. Similarly, patients were considered late or very late for their second poliovirus immunization if the interval between the first and second vaccine was Ͼ90 or Ͼ120 days, respectively. Children who never received a first and/or second vaccine were classified as very late.
Immunization outcomes were determined only on study children for whom a valid date of birth was recorded on the parental study form or office log. In addition, outcomes were not calculated on enrolled patients if no VAR or other immunization information was sent. However, if the medical record of an enrolled child was reviewed but no vaccine information was found, the patient was considered unimmunized and included in the analyses. Among the 13 709 enrolled children, study forms had discrepant dates of birth for 70 patients, 55 had missing parental study forms, and 64 had mismatched parental study forms and VARs. Thus, the final analysis was based on data on 13 520 children (98.6% of those enrolled).
Study children were categorized as receiving poliovirus immunization via an IPV-containing schedule or an all-OPV schedule based on the initial dose of vaccine administered. Thus, a patient was classified as being in the IPV group if the first dose of poliovirus vaccine received was IPV, and in the OPV group if the first dose received was OPV. Classification to the IPV or OPV group was only made if a child's immunization data specifically indicated which form of the vaccine was administered or if manufacturer or lot number information was recorded that clearly revealed the type of vaccine used. In situations in which it was evident that a study child received a poliovirus immunization but the particular type was not specified, a categorization to either the IPV or OPV group was not made. Finally, it is possible that some parents' decision not to have poliovirus vaccine administered to their child was attributable to the type of immunization offered by their child's pediatrician. Study patients who did not receive any poliovirus vaccines were classified as being in the IPV or OPV group based on the type of vaccine received by the next youngest child in that pediatric practice on whom immunization data were collected. There was no record of any poliovirus immunization for 288 study children (2.1%). Based on this classification schema, 96 of these patients were placed in the IPV group and 192 in the OPV group.
To assess the effect of receiving IPV on the immunization status of children, logistic regression was performed with each of the outcome measures as the dependent variable, and poliovirus vaccine group (IPV, OPV, or undetermined type) as the main independent variable of interest. Potentially confounding variables such as the child's race/ethnicity (white, black, Hispanic, or other), year of birth, maternal education level (high school graduate or less, some college, or college graduate or more), and method of payment for immunizations (out-of-pocket, free to parents, partially paid by parents) were controlled for in the analyses. To assess the impact of the change to IPV among minority populations, logistic analyses including race-IPV interaction terms were also performed. Finally, to assess the impact of the change to IPV in families with the lowest education level, we repeated the logistic regression analysis including only the 1491 study children whose mothers did not graduate from high school.
The 13 520 children whose immunization data were analyzed for the study were from 177 different practices. To account for the possibility that children within a particular practice were more similar than were patients from different practices or clusters, generalized estimating equation (GEE) techniques were used in the logistic regression analyses. GEE is a form of regression analysis that adjusts for the effects of clustered sampling. 14 Preliminary univariate analyses of categorical data were conducted using 2 tests. For all comparisons, 2-sided P values of Ͻ.05 or odds ratios (ORs) with a 95% confidence interval (CI) that did not include 1.0 were considered statistically significant.
Before collecting immunization data, it was not known what proportion of infants would receive IPV. Sample size calculations were based on a conservative assumption that 20% of study children would be placed in the IPV group. (Any greater use of IPV by the study population than 20% would increase our power to detect differences in immunization status related to the type of poliovirus vaccine received.) Sample size calculations were further complicated by the possibility that children within a particular practice (or cluster) would be more similar than would children from different practices. Because of this potential correlation among patients in the same cluster, the effective sample size was somewhat reduced. The effective sample size was calculated as: number of children/(1 ϩ [cluster size Ϫ 1] ϫ intraclass correlation coefficient [ICC] ), where cluster size was estimated as 100. In a previous study on the immunization status of children followed by PROS practitioners, 15 the ICC of immunization status by practice was 0.11. Based on this value for ICC and an assumption that 80% of those in the OPV group would be fully immunized at 8 months of age, a sample size of 15 000 would yield a Ͼ80% chance of detecting an OR of 0.65 or less for IPV as a predictor of immunization status (ie, that IPV children were significantly less likely to be fully immunized than those in the OPV group), corresponding to a difference of 8% between the IPV and OPV groups (at a 1-sided ␣ level of 0.05).
The study was approved by the institutional review board of the AAP. Immunization data were collected from March 1998 through January 2000.
RESULTS
Characteristics of the 13 520 children on whom immunization data were analyzed are shown in Table 1. Although the majority of recruited patients were white, 32.2% of study children were from minority populations. Mothers of study patients were relatively well educated; 67.4% received some education beyond high school. Conversely, only 1491 (11.1%) had less than a 12th-grade education. The vast majority of parents indicated that their child received immunizations for little or no out-of-pocket expenditure; only 5.9% of parents responded that they paid for their child's vaccines totally out-ofpocket. Overall, 79.4% of the 13 520 children included in the study were fully immunized at 8 months of age, and 88.7% at 12 months of age (immunization rate at 12 months of age based on the 10 396 children who were at least 12 months of age at the time of the survey).
Also presented in Table 1 are the immunization rates at 8 months of age of children with different characteristics and P values assessing the differences in rates between different groups in each category. Among children of different race/ethnicity, the differences in immunization rates were statistically significant. This was attributable to the lower vaccination rate among black children; compared with all other ethnic groups black patients were significantly less likely to be fully immunized (68.3% vs 81.4%; P Ͻ .00 001). Mothers with higher levels of education were more likely to have fully immunized infants than were those with less education. Method of payment for vaccines was statistically associated with immunization rates; however, the magnitude of the effect was only moderate. Finally, during the period that study children received their first vaccines, there was a significant secular trend in immunization rates; however, the overall change was modest, ranging from 75.7% for infants born in 1995 to 80.2% for those born in 1997.
Classification of study children into the IPV or OPV group is also shown in Table 1 . As can be seen, 39.1% of study children were placed in the IPV group and 51.1% in the OPV group. These classifications include 288 patients who had no record of ever receiving a poliovirus vaccine; their categorization into the IPV or OPV group was based on the type of immunization received by the next youngest child in the same practice. In addition, 1328 infants (9.8%) received some form of poliovirus vaccine, but the exact formulation could not be determined from the information available. As expected, utilization of IPV vaccine increased during the time that study children were born. Among children who received either IPV or OPV, for those born in 1995 and 1996 only 11.1% received an initial dose of IPV, whereas 64.2% of those born in 1997-1999 received this form of the vaccine.
The percentage of children who were fully immunized at 8 months of age is shown by poliovirus vaccine type in Table 1 . In this univariate analysis, children receiving IPV were more likely to be fully immunized than were those in the OPV and undehttp://www.pediatrics.org/cgi/content/full/107/6/e90termined poliovirus vaccine groups. In comparing vaccination status among patients known to receive an initial dose of IPV (n ϭ 5186) with a similar group of OPV recipients (n ϭ 6718), the OR for IPV as a predictor of being fully immunized at 8 months of age was 1.33 (95% CI: 1.21,1.47).
Because of the potential for significant confounding, logistic GEE regression was performed. In these analyses, immunization statuses at 8 and 12 months of age (fully immunized or underimmunized) were the dependent variables, with type of poliovirus vaccine (IPV, OPV, undetermined) the main independent variable. Also included in the models were maternal education level, method of payment for immunization, year of birth, and race/ethnicity. The results are presented in Table 2 . As can be seen in the table, compared with those receiving OPV, there were no indications that children who received IPV were less likely to be fully immunized. At 8 months of age, patients in the IPV group were as likely as those in the OPV group to be fully immunized (OR: 1.04; 95% CI: 0.88,1.23); immunization status at 12 months of age was also similar among children who received IPV and OPV. These analyses were repeated after excluding the 288 children who had no record of ever receiving a polio immunization; the ORs for receipt of IPV as a predictor of being fully immunized at 8 and 12 months of age were 1.03 and 1.07, respectively (95% CI at 8 months: 0.86,1.23; and at 12 months: 0.87,1.32).
Overall, 91.4% of children in the IPV group and 90.1% of those in the OPV group received their initial dose of poliovirus vaccine before the age of 90 days; 94.9% and 93.3%, respectively, received their first dose before they were 120 days old. The interval between the first and second doses of vaccine was Ͻ90 days in 87.6% of IPV and 88.7% of OPV recipients, and Ͻ120 days in 94.2% and 92.1%, respectively. After adjusting for confounding variables, there were no differences in the timeliness of receipt of vaccines among OPV and IPV recipients (Table 3) .
To evaluate whether the use of IPV had a different effect among minority populations than among white children, race-poliovirus vaccine type interaction terms were included in logistic regression models. For black children, the impact of the use of IPV was not different from white patients in terms of immunization status at 8 months of age (P ϭ .93) or timeliness of the initial dose of poliovirus vaccine (P ϭ .64). Analyses of all minority children versus white children had similar results, with no difference in either of these outcomes (P ϭ .94 and P ϭ .67, respectively). The results were also similar when data from the 1491 children whose mothers had less than a high school education were analyzed separately; the adjusted OR for IPV use as a predictor for being fully immunized at 8 months of age was 1.05 (95% CI: 0.75,1.47). A separate analysis was performed including only the study children born 1997-1999, when the use of the IPV/OPV sequential schedule was widely implemented; 58.9% of the enrolled patients were born during this period. In the analysis, maternal education level, race/ethnicity, and payment type were also included; GEE was used to control for the effect of within practice correlation. The adjusted OR for IPV as a predictor of immunization status at 8 months of age among children born in 1997-1999 was 1.21 (95% CI: 1.02,1.43).
DISCUSSION
When the IPV-containing poliovirus vaccine schedule was recommended, it was reasonable for health care providers and policy makers to question whether such a change was prudent. It was feared that the additional injections required to adequately vaccinate children might result in decreased and delayed immunization against poliovirus specifically, and, perhaps, lower immunization rates in general. Concerns about increasing number of injections and changes in immunization practices might be heightened in parents of underserved children in whom health beliefs regarding vaccines are less positive than among less disadvantaged families. 16 However, despite multiple analyses specifically designed to elucidate any negative effects, the results of our study strongly indicate that the use of IPV has had no significant impact on the immunization status of young children in the United States. Patients who received an initial dose of IPV were at least as likely to be fully immunized at 8 and 12 months of age as those immunized with OPV; similarly, the timeliness of vaccination against polio was equivalent in IPV and OPV recipients. Furthermore, the results suggest that this lack of negative effect on immunization status was the same among black children, other minority populations, and white children.
The results of our study are similar to findings of investigators evaluating the impact of the use of IPV in different populations. The Centers for Disease Control and Prevention evaluated immunization status of Ͼ17 000 children who were enrolled in closed panel HMOs in California and Washington State. 10 At 12 months of age, those who received IPV were as likely to be fully immunized as those vaccinated with OPV (adjusted OR: 1.1; 95% CI: 1.0,1.3). Similarly, Kolasa et al 11 conducted a cohort study in urban public health clinics comparing the immunization status of children before and after the change in poliovirus vaccine. They reported comparable compliance with IPV and OPV for the first and second doses of vaccine. Thus, IPV does not seem to have an adverse effect on immunization status in infants vaccinated in public health clinics, HMOs, and in the offices of a national sample of primary care pediatricians.
The ease and rapidity of the transition to an IPVcontaining schedule in the United States seems surprising. However, previous research indicates that parents are accepting of additional injections, especially if the risk of an adverse effect is reduced. Woodin et al 17 reported that physicians were more concerned about multiple vaccine injections at 1 visit than parents of young children. Among parents surveyed, 58% indicated that they would rather have their child receive 4 injections at 1 visit than fewer injections and more visits. In another survey of parental choice, Thoms et al 18 found that that 61.3% of parents would prefer IPV to OPV, even with the additional injections required. The major reason for this preference was the risk of VAPP associated with OPV. These investigators also reported that 75% of parents would consult their child's physician before making a choice between IPV and OPV. Because 75% of pediatricians in the United States are currently recommending IPV, 19 if parents follow the advice of their child's health care provider, a high proportion of infants will receive IPV. Although we believe that the validity of the findings in this study in assessing the impact of the change to IPV are strengthened by analyzing data obtained on a sample of children followed by practicing pediatricians from throughout the United States, there are inherent limitations in this methodology. Assessment of a child's immunization status was based solely on information abstracted from the medical record of 1 group of providers from a practice-based research network. These providers were not selected randomly, which could limit the generalizability of our findings. However, in a survey of a random sample of AAP pediatricians conducted during the time that data were collected for this project, 70% of respondents indicated that they recommended an IPV/OPV sequential schedule, 5% an all-IPV schedule, 16% an all-OPV schedule, and 9% had no policy. 19 These results are consistent with the pattern of poliovirus vaccine use reported by participants in our study.
An additional limitation in our study is that the immunization data in the records reviewed were not always complete and, to facilitate the rapid collection of the vaccine information, only certain portions of the medical records of study children (containing ϳ90% of all immunization data) were reviewed. Fortunately, there was no systematic bias in the degree of incompleteness of immunization information between IPV and OPV recipients.
A final problem in analyzing data abstracted from practice medical records was the difficulty in determining the precise type of poliovirus vaccine administered; for 9.8% of the sample it was impossible. By univariate analysis, children in the undetermined poliovirus vaccine group were less likely to be fully immunized at 8 months of age than either IPV or OPV recipients. This may indicate that many of these patients received vaccines at sites other than at the practice in which the immunization data were collected making the information in the practice medical record less complete than for children in the IPV or OPV groups. Alternatively, the lack of detail in the immunization record may reflect less attention given to the overall vaccination process for these children leading to more underimmunization.
Because the majority of study children who received OPV were born before 1997, whereas IPV recipients were predominately born in 1997 and 1998, significant secular trends in immunization rates would tend to bias the analyses in favor of IPV. There was a small but statistically significant change in the percentage of children who were fully immunized at 8 months of age between 1995 and 1998. We attempted to account for this by controlling for year of birth in the logistic models. Furthermore, analysis of data on patients born in 1997-1999, when there was widespread use of both types of poliovirus vaccine, indicated that children who received IPV were more likely to be fully immunized than were those who received OPV (OR: 1.21; 95% CI: 1.02,1.43). Thus, taken together, none of these limitations seems to undermine the major findings of the study.
Vaccination against poliovirus using an all-OPV schedule was remarkably successful for over 30 years. VAPP, although devastating, is an extraordinarily rare side effect of OPV. However, our results, combined with those of other investigators, 10, 11 indicate that use of an IPV-containing schedule was implemented without adverse impact on the immunization status of infants in the United States, and has apparently been accompanied by a decrease in the incidence of VAPP. 20 Our findings further suggest that implementation of the recently recommended all-IPV poliovirus vaccine schedule should be accomplished without delay, thereby eliminating the risk of VAPP entirely. 21 
